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Abstract: Multimorbid patients represent a special population of vulnerable individuals who suffer
from two or more long-term conditions. They are a very prevalent group with an increased risk
of death from COVID-19. The present study aimed to identify the sociodemographic and clinical
determinants of multimorbidity of underlying conditions that increase the risk of severe COVID-19
in chronic adult individuals by analyzing data from the Portuguese National Health Survey 2019.
The inclusion sample consisted of 7859 adult residents in Portugal who had at least one chronic
condition. The health conditions considered for multimorbidity were CKD, COPD, heart conditions,
diabetes mellitus, obesity, and smoking. In Portugal, approximately 6 out of every 10 individuals
with chronic diseases suffer from one or more conditions that are on the list of those at increased risk
of severe COVID-19 disease, and approximately 2 out of every 10 individuals have multimorbidity.
Obesity and diabetes are the most frequent risk factors. Timely interventions (e.g., regular medical
follow-up for preventive health services and health information) targeting multimorbidity in males
and individuals with low educational levels, a poor health status, and low functionality may help to
reduce the risk of severe COVID-19 and post-COVID-19 sequelae, and to improve health in a large
proportion of the population.

Keywords: multimorbidity; COVID-19; SARS-CoV-2; special population; epidemiology; severity
of COVID-19

1. Introduction

Since the beginning of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic, coronavirus disease 2019 (COVID-19) has caused at least 4,389,376 deaths
worldwide, among more than 209.04 million infections [1]. Portugal has now marked
17,584 deaths from COVID-19, and 1,006,588 cases of infection have been registered since
March 2020, according to the Directorate-General of Health [2].

Despite the ongoing efforts of the scientific community to achieve better and more ef-
fective treatments for those infected with COVID-19, it has been established that COVID-19
vaccination is efficacious in protecting individuals before exposure to coronavirus and in
reducing the spread of the disease [3]. Nonetheless, currently, only 24.3% of the world
population is fully vaccinated, and in low-income countries, an even lower percentage of
individuals have received at least one dose (1.4%) [4,5].
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Since COVID-19 vaccination still does not reach everyone (not even all people with
a compelling indication to be vaccinated), and because there are still some uncertainties
regarding the long-term immunity and the protection against new variants [6], the study of
individuals at risk of severe adverse outcomes from COVID-19, including hospitalization,
admission to an intensive care unit (ICU), intubation or mechanical ventilation, or death [7],
continues to be of major importance, in order to prioritize this group for vaccination or to
shield them from the rest of the population [8]. More recently, the literature has shown
that post-COVID-19 patients can suffer from several sequelae [9], and among those with a
previous ICU admission, their quality of life is poorer [10].

The US Centers for Disease Control and Prevention considers that older individuals
and those with underlying health conditions are at increased risk of severe COVID-19 [7].
This includes individuals with diabetes, cardiovascular disease (CVD), obesity, and a series
of other long-term conditions [11-15].

Multimorbid patients represent a special population of vulnerable individuals who
suffer from two or more long-term conditions. They are a very prevalent group, not
only in Portugal but worldwide [16,17]. Nonetheless, research regarding the risks of
COVID-19 for multimorbid people is still scarce [18,19]. The literature shows that the risk
of death from COVID-19 is increased in multimorbid patients [20], and in those with certain
sociodemographic factors, such as non-whites and those who are most socioeconomically
deprived [21].

The present study aimed to identify the sociodemographic and clinical determinants
of multimorbidity of underlying conditions that increase the risk of severe illness from
COVID-19 in chronic adult individuals, by analyzing data from the Portuguese National
Health Survey 2019.

2. Materials and Methods
2.1. Study Design and Population

The 2019 National Health Survey (Portuguese acronym: INS 2019) is a European
harmonized and regulated survey (EU Regulation 2018/255), granting the comparison of
its results internationally [22]. Between September 2019 and January 2020, this community-
based cross-sectional study was performed throughout the Portuguese territory by Statistics
Portugal in collaboration with the National Health Institute Dr. Ricardo Jorge [22]. A
nationally representative sample of the population living in Portugal (>15 years of age)
was obtained through multistage stratified and cluster sampling of 22,191 households.
Data collection methods included face to face, with computer and electronic questionnaires.
Further details regarding the 2019 National Health Survey methodology are described
elsewhere [23]. Globally, the response rate was 65.9%, with 14,617 valid responses; data
concerning health status, healthcare, health determinants, income and health expenses,
reproductive health, food consumption, life satisfaction, and long-term disability were
collected [22].

For the present analysis, data from the INS 2019 related to adult (18+ years of age)
residents in Portugal who had at least one chronic condition were included in the study
(n = 7859, after excluding 380 participants with data missing on the determinants of interest).
Having a chronic condition was defined by an affirmative response to the question “Do
you have a chronic illness or long-term health problem? (lasts or may last longer than
6 months)”.

The present study was reviewed and approved by the Ethics Committee of the Univer-
sity of Beira Interior on October 13th 2020 (code number CE-UBI-Pj-2020-073) and abided
by the Declaration of Helsinki ethical standards. Data from the INS 2019 were analyzed,
and no other information was collected. Informed consent was obtained from all INS 2019
participants. The anonymity of the participants and the confidentiality of the data in the
INS 2019 database were assured. Data was accessed on November 2020.
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2.2. Study Variables and Measures

Multimorbidity of underlying conditions that increase the risk of severe COVID-19
was defined by the presence in the same individual of two or more of the following
conditions: chronic kidney disease (CKD), chronic obstructive pulmonary disease (COPD),
heart conditions, diabetes mellitus, obesity, and smoking. These conditions were selected
because they had the strongest and most consistent scientific evidence of increasing the
risk of severe illness from COVID-19 in adults of any age, according to the US Centers for
Disease Control and Prevention’s (CDC) list of those at increased risk of severe COVID-19
disease, updated as of 2 November 2020 [7].

The presence of CKD was assessed by a positive response to the question “Please
indicate whether during the past 12 months you have had chronic kidney problems, includ-
ing kidney failure?”; COPD was evaluated by a positive response to the question “Please
indicate whether during the past 12 months you have suffered from chronic bronchitis,
chronic obstructive pulmonary disease or emphysema?”; heart conditions were assessed
by two questions, namely, “Please indicate whether during the past 12 months you have
suffered from a myocardial infarction (or heart attack) or from the chronic consequences of
a myocardial infarction?” and “Please indicate whether during the past 12 months you have
suffered from coronary heart disease or angina pectoris?”; diabetes mellitus was defined by
an affirmative answer to the question “Please indicate whether during the last 12 months
you suffered from diabetes, excluding diabetes during pregnancy?”; obesity was defined as
a body mass index (BMI) > 30 kg/m? calculated by the formula BMI = weight (kg)/[height
(m) x height (m)]; smoking status was assumed in the individuals that stated they smoke
either daily or occasionally.

Self-reported health status was assessed by the question “In general, how do you
consider your health condition? (very good/good/fair/bad/very bad)”.

Functional capacity was evaluated by the question “To what extent do you feel limited
to carry out activities considered usual for most people, due to a health problem? (severely
limited /limited but not severely/not limited)”.

Regarding access to care, information about healthcare appointments, in the previ-
ous 12 months, with a general practitioner (GP), other medical specialists, psychologist,
psychotherapist, or psychiatrist was also collected.

Collected sociodemographic factors included sex, age group, living arrangements,
educational level, household income, and the distribution of the participants among the
seven Portuguese regions classified by the Nomenclature of Territorial Units for Statistics
Level 2.

2.3. Statistical Analysis

Statistical analyses were performed using SPSS® Statistics (version 27.0; SPSS Inc.,
Chicago, IL, USA) and Jamovi software (datalab.CC, Sydney, Australia). Categorical
variables were described by the absolute and relative frequencies, n (%). The associations
between categorical variables were verified by chi-square tests, and the respective effect
size was given by the phi coefficient (effect sizes of 0.1 are considered small, 0.3 medium,
and above 0.5 large). Multiple logistic regression models were constructed to access the
potential variables associated with multimorbidity. The independent variables to include
in multiple regression were chosen by performing simple logistic regressions with the
variables in the dataset. All variables that correlated with the outcomes at p < 0.20 in the
simple regression were included in the multiple logistic regression analyses (initial model),
and then the variables were removed, one by one, in descending order of the p-value, until
only those variables with p-values < 0.05 were maintained (final model). The odds ratio
(EXP(B)) with the respective 95% confidence interval (95% CI) and the p-value for each
variable are provided. The Hosmer-Lemeshow test was the statistical test used to assess
the goodness of fit of the final logistic regression model.

Values of p < 0.05 were considered significant.
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3. Results

The inclusion sample consisted of 7859 adult residents in Portugal who had at least one
chronic condition. Table 1 provides a summary of the sample characteristics. Approximately
sixty-one percent of chronic adult individuals were women. The majority were 65 years
or older (51.1%), lived with someone (69.1%), and had a basic educational level (62.2%).
One in four individuals reported having a bad to very bad health status, and almost half
of the sample (49.1%) reported being limited or severely limited to carrying out activities
considered usual for most people. Considering access to care, the time elapsed since the
last doctor appointment (GP or another medical specialist) was less than one year ago for
most of the sample. In contrast, an appointment with a psychologist, psychotherapist, or
psychiatrist was more uncommon.

Table 1. Characteristics of the chronic adult individuals in the sample (1 = 7859).

n (0/0)
Sex, women 4760 (60.6)
Age groups (years)
<65 3846 (48.9)
65+ 4013 (51.1)
Living arrangements
Alone 2429 (30.9)
With someone 5430 (69.1)
Educational level
None 1134 (14.4)
Basic education (1st, 2nd, and 3rd levels) 4890 (62.2)
Secondary education 871 (11.1)
Higher education 964 (12.3)
Household Income
1st quintile 1421 (18.1)
2nd quintile 2298 (29.2)
3rd quintile 1737 (22.1)
4th quintile 1234 (15.7)
5th quintile 1169 (14.9)
Regions
North 1120 (14.3)
Central 1486 (18.9)
Lisbon and the Tagus Valley 1230 (15.7)
Alentejo 1159 (14.7)
Algarve 787 (10.0)
Madeira 1126 (14.3)
Azores 951 (12.1)
Medical conditions
Chronic kidney disease 735 (9.4)
COPD 846 (10.8)
Heart conditions 882 (11.2)
Obesity 1822 (23.2)
Smoking 987 (12.6)
Diabetes mellitus 1737 (22.1)
Self-reported health status, n = 7854
“Bad to Very Bad” Health 2018 (25.7)
Functional capacity, n = 7834
Limited and severely limited 3848 (49.1)
Healthcare appointments (previous 12 months)
With GPs, n = 7854 6699 (85.3)
With other medical specialists, n = 7852 4548 (57.9)

With psychologist, psychotherapist, or psychiatrist, n = 7846 1289 (16.4)
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Regarding the conditions that increase the risk of severe COVID-19, the most fre-
quently stated conditions were obesity (23.2%) and diabetes mellitus (22.1%) (Table 1).
Multimorbidity of underlying conditions that increase the risk of severe COVID-19 was
present in 1714 individuals (21.8% of the sample), and 38.4% had one condition that in-
creases the risk of severe COVID-19 (Table 2).

Table 2. Prevalence of medical conditions that increase a person’s risk of severe COVID-19 (n = 7859).

Presence of Medical Conditions That Increase a Person’s
Risk of Severe COVID-19, n (%)

0 Conditions 1 Condition >2 Conditions
(n = 3128; 39.8%) (n =3017; 38.4%) (n =1714; 21.8%)

p-Value ?; Effect Size

Sex
Men 1094 (35.3) 1297 (41.9) 708 (22.8) <0.001; 0.08
Women 2034 (42.7) 1720 (36.1) 1006 (21.1)
Age groups (years)
<65 years 1692 (44.0) 1475 (38.4) 679 (17.7) <0.001: 0.11
65+ years 1436 (35.8) 1542 (38.4) 1035 (25.8) R
Living arrangements
Alone 885 (36.4) 976 (40.2) 568 (23.4) <0.001; 0.05
With someone 2243 (41.3) 2041 (37.6) 1146 (21.1)
Educational level
None 382 (33.7) 425 (37.5) 327 (28.8)
Basic education (1st, 2nd, and 3rd levels) 1793 (36.7) 1907 (39.0) 1190 (24.3) <0.001;0.17
Secondary education 434 (49.8) 345 (39.6) 92 (10.6)
Higher education 519 (53.8) 340 (35.3) 105 (10.9)
Household income
1st quintile 515 (36.2) 565 (39.8) 341 (24.0)
2nd quintile 878 (38.2) 877 (38.2) 543 (23.6) <0.001: 0.11
3rd quintile 627 (36.1) 664 (38.2) 446 (25.7) R
4th quintile 546 (44.2) 462 (37.4) 226 (18.3)
5th quintile 562 (48.1) 449 (38.4) 158 (13.5)
Regions
North 448 (40.0) 449 (40.1) 223 (19.9)
Central 643 (43.3) 526 (35.4) 317 (21.3)
Lisbon and the Tagus Valley 492 (40.0) 480 (39.0) 258 (21.0) <0.001: 0.07
Alentejo 452 (39.0) 455 (39.3) 252 (21.7) R
Algarve 329 (41.8) 302 (38.4) 156 (19.8)
Madeira 448 (39.8) 423 (37.6) 255 (22.6)
Azores 316 (33.2) 382 (40.2) 253 (26.6)
Self-reported health status
Very good 106 (55.8) 73 (38.4) 11 (5.8)
Good 835 (51.9) 610 (37.9) 165 (10.2)
Fair 1630 (40.4) 1588 (39.3) 818 (20.3) <0.001;0.25
Bad 443 (28.7) 585 (37.9) 517 (33.5)
Very bad 112 (23.7) 158 (33.4) 203 (42.9)
Functional capacity
Severely limited 242 (25.2) 357 (37.1) 363 (37.7) <0.001: 021
Limited but not severely 1016 (35.2) 1096 (38.0) 774 (26.8) e
Not limited 1855 (46.5) 1555 (39.0) 576 (14.5)
Healthcare appointments
With GPs, n = 7854
<12 months 2598 (38.8) 2561 (38.2) 1540 (23.0) <0.001; 0.07
>12 months or never 528 (45.7) 454 (39.3) 173 (15.0)
With other medical specialists, n = 7852
<12 months 1750 (38.5) 1709 (37.6) 1089 (23.9) <0.001; 0.06

>12 months or never 1377 (41.7) 1304 (39.5) 623 (18.9)
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Table 2. Cont.

Presence of Medical Conditions That Increase a Person’s
Risk of Severe COVID-19, n (%)

0 Conditions 1 Condition >2 Conditions
(n = 3128; 39.8%) (n =3017; 38.4%) (n =1714; 21.8%)

p-Value ?; Effect Size

With psychologist, psychotherapist, or

psychiatrist, n = 7846
Yes

No

562 (43.6) 450 (34.9) 277 (21.5) 0.005; 0.04

2563 (39.1) 2563 (39.1) 1431 (21.8)

2 Chi-square test.

As shown in Table 2, the prevalence of one or more medical conditions that increase a
person’s risk of severe COVID-19 was 64.7% for men and 57.2% for women. The prevalence
of >1 conditions was also high in individuals aged 65 and older (64.2%), living alone
(63.6%), and having no education (66.3%) or a basic educational level (63.3%), and in
households in the lower-income quintiles: first quintile (63.8%), second quintile (61.8%),
and third quintile (63.9%). High frequencies of one or more medical conditions that increase
a person’s risk of severe COVID-19 were also associated with worse self-reported health
status and lower functionality (Table 2).

Table 3 shows that in chronic adult individuals, multimorbidity of underlying con-
ditions that increase the risk of severe COVID-19 is less likely to occur in women, in
individuals with higher educational levels, in those with higher functionality, and in those
who had a medical appointment less than one year ago. In contrast, the odds of multimor-
bidity increased in individuals living in the region of Madeira and Azores, and in those
with a poor self-reported health status (Hosmer-Lemeshow test: p-value = 0.425).

Table 3. Multiple logistic regression model for demographic and clinical variables associated with
multimorbidity of underlying conditions that increase the risk of severe COVID-19.

Initial Model Final Model
EXP(B) EXP(B)
[95% CI] p-Value [95% CI] p-Value
Sex
Men Reference Reference
Women 0.82[0.73; 0.93] 0.002 0.79 [0.70; 0.88] <0.001
Age
<65 years Reference
65+ years 1.10 [0.96; 1.25] 0.159
Living arrangements
With someone Reference
Alone 1.05 [0.93; 1.20] 0.418
Education level
None Reference Reference
Basic education (Ist, 2nd, and 5 g9 10 64.116] 0850  098[0.84;114] 0755
3rd levels)
Secondary education 0.53 [0.40; 0.70] <0.001 0.50 [0.38; 0.66] <0.001
Higher education 0.56 [0.41; 0.77] <0.001 0.54 [0.42; 0.70] <0.001
Household Income
1st quintile Reference
2nd quintile 0.89 [0.74; 1.05] 0.164
3rd quintile 1.10[0.92; 1.32] 0.295
4th quintile 0.95[0.77; 1.16] 0.594

5th quintile 0.95[0.73; 1.24] 0.717
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Table 3. Cont.
Initial Model Final Model
EXP(B) EXP(B)
[95% CI] p-Value [95% CI] p-Value
Regions
North Reference Reference
Central 1.02 [0.84; 1.25] 0.815 1.03 [0.84; 1.26] 0.787
Lisbon and the Tagus Valley 1.20[0.97; 1.47] 0.097 1.19[0.97; 1.47] 0.097
Alentejo 1.15[0.93; 1.42] 0.194 1.15[0.93; 1.42] 0.200
Algarve 1.12 [0.88; 1.42] 0.369 1.12[0.88; 1.42] 0.344
Azores 1.70 [1.37; 2.12] <0.001 1.70 [1.37;2.11] <0.001
Madeira 1.40[1.13; 1.73] 0.002 1.39[1.12;1.72] 0.002
Self-reported health status
Very good Reference Reference
Good 1.59 [0.84; 3.01] 0.152 1.60 [0.85; 3.02] 0.149
Fair 2.55[1.37;4.77] 0.003 2.60 [1.39; 4.87] 0.003
Bad 3.89 [2.05; 7.37] <0.001 3.99 [2.10; 7.55] <0.001
Very bad 5.37[2.77;10.42] <0.001 5.52 [2.85; 10.70] <0.001
Functional capacity
Severely limited Reference Reference
Limited but not severely 0.83 [0.70; 0.99] 0.038 0.83 [0.70; 0.99] 0.035
Not limited 0.57 [0.46; 0.69] <0.001 0.56 [0.46; 0.69] <0.001
Healthcare appointments
With GPs
>12 months or never Reference Reference
<12 months 0.71[0.59; 0.86] <0.001 0.70[0.59; 0.85] <0.001
With other medical specialists
>12 months or never Reference Reference
<12 months 0.80[0.71; 0.90] <0.001 0.80[0.71; 0.89] <0.001

4. Discussion

This is the first national study of multimorbidity of underlying conditions that increase
the risk of severe COVID-19 in Portugal using the most recent Portuguese National Health
Survey 2019. The present analysis shows that, in Portugal, approximately 6 out of every
10 individuals with chronic diseases suffer from one or more conditions that are on the list
of those at increased risk of severe COVID-19 disease. This observed high prevalence was
not unexpected. It was previously suggested that 22% of individuals worldwide may be at
increased risk of severe COVID-19 [8], and in Portugal, 15.5% of the population might be
at high risk for complications from COVID-19 according to the 2014 Portuguese National
Health Interview Survey [24]; therefore, it is likely that higher frequencies will be found in
chronic adult individuals, as is the case of the population of the present study.

Another possible explanation for these epidemiological differences is that not all
studies used the same list of risk factors for severe COVID-19 disease. For example, one
study conducted in the US found that more than 75% of adults would be at increased risk
of severe COVID-19 by using a predefined list of ten medical conditions [25], and another
study, performed in Brazil, that used a list of nine conditions observed that more than half
of the population in Sao Paulo city had at least one risk factor for severe COVID-19 [26].
Nonetheless, the present study employed a list of the most common conditions that are
closely linked to COVID-19 severity, including cardiovascular diseases, diabetes, chronic
kidney diseases, and chronic respiratory diseases [8]. It can therefore be assumed that more
than half of the chronic patients in Portugal, if infected by the SARS-CoV-2 virus, may be
at high risk of hospitalization, admission to an ICU, intubation or mechanical ventilation,
and/or death by CDC criteria [7].

Regarding multimorbidity of underlying conditions that increase the risk of severe
COVID-19, it was present in 21.8% of the study population, with a male predominance
(p < 0.001). This may suggest that, in Portugal, approximately 2 out of every 10 individuals
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with chronic diseases are at increased risk of premature death attributed to COVID-19,
considering the already known association between multimorbidity and mortality by
COVID-19 [19,20,27-29].

However, while some of these epidemiological findings have been previously rec-
ognized [8,24], other aspects relating to multimorbidity and COVID-19 addressed in the
present study are new or less well described, and, at the same time, they answer to
previously identified gaps in the research [18], such as considering not only underlying
conditions but also sociodemographic factors [8] and clinical characteristics.

Data from a previous nationwide representative study showed that multimorbidity
in Portugal is more prevalent in women, individuals who are older, and those with lower
educational levels [30]. This differs from the findings of the present study, in which women
were less likely to suffer from multimorbidity of underlying conditions that increase the
risk of severe COVID-19, and no differences were found by age, living arrangements, or
household income in the multiple model. These results are consistent with data obtained in
a recent literature review of twenty-eight COVID-19 and multimorbidity publications [19],
which showed a higher probability of death in hospitalized men with COVID-19 and a
similar increased risk of death from COVID-19 in multimorbid patients aged either below
or above 65 compared to those without comorbidities [19].

Education is an undeniable social determinant of health with a robust association
with life expectancy, illness, and health behaviors [31]. Therefore, it comes as no surprise
that in the present study, the odds of multimorbidity decreased in individuals with higher
educational levels. This finding suggests that in the post-COVID-19 era, the importance of
education must not be overlooked, and the interlude to education must come to an end
when pandemic limitations are reduced or abolished.

Multimorbidity of underlying conditions that increase the risk of severe COVID-19 was
more likely to occur in chronic adult individuals with a poor self-reported health status, but
not in those with higher functionality or who had a medical appointment less than one year
ago. The present data do not allow for further justification, but it is possible that, because
of their health conditions (and thus poor self-reported health status), low functionality, and
lack of regular medical follow-up, this population is more vulnerable to severe COVID-19 in
cases of infection. This may also be the case for those living in the archipelago of Azores and
Madeira due to the lack of physicians (GPs or other medical specialists) in some locations.
The current data do not allow us to prove or refute these hypotheses.

There are some limitations to this research. As with previous studies, the use of
self-reported medical data may underestimate the prevalence of risk factors for severe
COVID-19 [32,33]. Another limitation was the use of conditions defined by the CDC
as posing a risk for severe COVID-19 and available in the INS 2019 study’s database,
which may influence the frequency of multimorbidity because of the number of conditions
used [34]. Additionally, INS 2019 does not allow for the determination of the severity
of the underlying conditions, which may impact the effect size of each risk factor for
severe COVID-19 [19,25]. These limitations are very common in previously published
epidemiological studies of severe COVID-19 [25,33,35].

The findings of the current study characterize some of the sociodemographic and
clinical variables associated with multimorbidity of underlying conditions that increase
the risk of severe COVID-19 in chronic adult individuals and can assist in the definition of
strategies of pandemic management, including addressing some health inequalities [36].

5. Conclusions

In Portugal, approximately 6 out of every 10 individuals with chronic diseases suffer
from one or more conditions that are on the list of those at increased risk of severe COVID-
19 disease, and approximately 2 out of every 10 individuals have multimorbidity (two or
more of these conditions). Obesity and diabetes are the most frequent risk factors.

Timely interventions (e.g., regular medical follow-up for preventive health services
and health information) targeting multimorbidity in males and individuals with low
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educational levels, a poor health status, and low functionality may help to reduce the
risk of severe COVID-19 and post-COVID-19 sequelae, and to improve health in a large
proportion of the population.
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